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Introduction

38
Starch is one of the most important biopolymers in the world. It is the main source of energy, 39 in the form of exogenous glucose supply, in the human diet, and is a key feedstock for a 40 number of industries such as bioethanol production and biodegradable plastics manufacture The ratio of crystalline to amorphous material in the native starch granule varies greatly, from 51 10% to 50% crystallinity, depending on the botanical origin of the starch (Lopez-Rubio, typically shows bands at 2900-3000 cm -1 (C-H stretching), 1100-1150 cm -1 (C-O, C-C and C- absorbance at 1047 cm -1 to be essentially independent of the degree of structure in the starch. with an apparent peak position shift during gelatinisation.
152
In the present study, we examine a wider range of starches than has previously been used in Relative crystallinity was calculated as the ratio of the crystalline peak area to the total 213 diffraction area. Spectral acquisition and interpretation methodology as described by Tan, Flanagan, Halley, M a n u s c r i p t mean DSC enthalpy of the sample set was 9.0 J/g with a range from 0 to 17.6 J/g. 13 C
247
CP/MAS NMR spectra were analysed to calculate total helical order for each of the samples.
248
The mean helical order in the sample set was 30.0 % with range from 4 to 49 % total helical 249 order. XRD data were analysed to obtain relative crystallinity, and the sample set had a mean M a n u s c r i p t of 25.8 % with a range from 0 to 51 % relative crystallinity (see Supporting Information 251   Table S1 for full data sets). As previously discussed, a number of authors have suggested that the peak ratios 995:1022
286
and 1045:1022 cm -1 may be useful indicators of ordered structure in starch. In the present 287 study, these two peak ratios have been systematically investigated for correlation against data 288 from DSC, XRD and 13 C CP/MAS NMR, to investigate if they can be used as predictors of 289 ordered molecular structure in starch (Table 1 and, Supplementary Information Table S1 and 290 Figure S1 ). In the dry state, there are correlations between both peak ratios and all three 291 analytical methods, although these are all weak correlations. The root mean square error of 292 calibration (RMSEC) ( Table 1 and 2) for all of these models are large, representing errors of 293 greater than 25 % for the average sample in the calibration set. ratio to indicate (but not to fully quantify) whether a starch has high or low levels of ordered 341 structure. The peak position shift from 1000 to 1022cm -1 is the most dramatic change in the 342 spectra as a result of changes in ordered structure, far more so than those at 1045 and 1080 M a n u s c r i p t between the infrared spectra and DSC enthalpy, than NMR and XRD data (Table 1 and 3) .
359
The DSC enthalpy change associated with starch gelatinisation is dependent, in a complex 360 manner, on a range of short range molecular interactions which are altered upon heating in a 361 hydrated environment (Cooke & Gidley, 1992) . It may be speculated that the FTIR spectra of 362 hydrated samples reflects these short range interactions, rather than the longer range 363 associations which result in the formation of helices (detected by NMR), and the arrangement 364 of these helices into crystalline arrays (detected by XRD), although clearly structures 365 detected at all these length scales contribute to the overall structure of the starch granule. 
Conclusions
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